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(54) THIN HOT ROLLED STEEL SHEET EXCELLENT 
IN FORMABILITY AND ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To produce a thin hot rolled 
steel sheet showing good formability even in the tip 
part in the width direction by specifying the steel 
componental compsn., hot rolling conditions, the 
quantity of crowns and the relation between the same and 
the sheet thickness. 

SOLUTION: A steel slab contg., by weight, 0.02 to 0.20% 
C, ^1.00% Si, 0.05 to 1.50% Mn, ^0.04% P, ^0.015% S, 
0.005 to 0.150% Al, ^0.020% N, and the balance Fe is 
heated at =g1200°C and is subjected to rough rolling, 
and the obtd. sheet bar is coiled and is held hot. This 
is recoiled and is joined with the article preceding 
thereto, the sheet width edge part is heated in such a 
manner that its temp, is made higher than that of the 



sheet width center part by S 50°C, and finish continuous 
rolling using pair cross rolling in one or more stages 
is executed in the poststage. Next, it is air-cooled 
for ^2sec, is thereafter water-cooled in such a manner 
that cooling water from one or more directions of the 
upper and tower directions does not directly hit the 
edge part of the steel sheet and is coiled. Then, the 
steel sheet in which the sheet thickness is regulated 
to s1.2mm, the quantity of crowns is regulated to ^30^m, 
and the ratio of the crown quantity/the sheet thickness 
is regulated to <0.030, having a ferritic structure free 
from strains over the whole width direction, and in 
which the surface hardness in the center part in the 
width direction does not fall below the surface hardness 
at a position of 5mm sheet edge in the width direction 
can be obtd. 

COPYRIGHT: (C)1997,JPO 



(i9)0#H#if/y (jp> 02) & PS 45 !ft 45t ^ (a) oi)»»as^ra#^ 

^W^9- 296252 

(43)&HB ¥*£9*f(1997)ll/!18B 



(51) IntCl. 6 
C 2 2 C 38/00 
B 2 1 B 3/00 
C 2 1 D 8/02 
9/46 

C 2 2 C 38/06 



3 0 1 



9270 -4K 



fi msm^wm 

C 2 2 C 38/00 3 0 1 W 

B 2 1 B 3/00 A 

C 2 1 D 8/02 A 

9/46 T 
C 2 2 C 38/06 

m$m<D&6 ol t£ 8 m) m&n\zm< 



(2l)fflK#^ 


#BPF8- 11 1567 


(71)tHSA 


000001258 










(22) /UK B 


¥^8^(1996) 5 ^2 3 




^*m#F***K^*Bra i tb i #28 






































(72)«W# 










=fau^=PSi*^*Kjii«fwriSJfi ;n«f® 














(74)ftSA 
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(57) («fjEW) 

IRIS] ffl^^v^Kn^^SJU <6#|p]<£>iB«|5 
C N Si, Mru P, S, Al, N^r^AtLfeffl 

^9^&i20ot:JKT©a*^ipj|ftbTffiflEiEL., mhlru 
SrfTV\ JEffiiBf-T«2#JeJl±?g»Lfc^^, _h;6\ 



l ] C : 0. 02—0. 20wt%, 
Si : 1.00wt%J£AT\ 
Mn : 0. 05— 1. 50wt%, 
P : 0.04wt%i£*T, 
S : 0.015 wt%^T, 
Al : 0.005 —0. 150 wt% N 
N : 0. 020 wt%^T 

^1.2 mmHT, ^7^Vi^30//ml^T, ^ 9 £ 10 

/«ffs&so.o30 ^&f^^^toTi^(7) 

[fff^JS 2 ] C : 0. 02—0. 20wt%, 
Si : 1. 00wt%J^T^ 
Mn : 0. 05—1. 50wt%, 
P : 0. 04wt%i^T, 
S : 0. 015 wt%^Ts 

Al : 0.005 —0. 150 wt% N 20 
N : 0. 020 wt%^T 
3>o 

Nb : 0. 0030—0. 0400wt%. 
Ti : 0.0030—0. 1000wt% % 
B : 0. 0005—0. 0020wt% 

frbmt£tiz> ittfdi2i^i^wt, mmtFeR 

!> >- S/^30 // mJ^T, ^7? ^fl;/jKJ?aS0. 030*ffiT* 

htev, ^o*g^r^^gp(7>^affiSdSffi*f^«aH5m 30 

[f#*fl 3 ] C : 0. 02—0. 20wt%, 
Si : 1. 00wt%i^T, 
Mn : 0. 05—1. 50wt%, 
P : 0. 04wt%J^T, 
S : 0.015 wt%£AT\ 
Al : 0. 005 —0. 150 wt%, 
N : 0. 020 wt%^T 

&"3^ 40 
Cu : 0. 50wt%J^T. 
Ni : 0. 50wt%J^T. 
Cr : 0. 50wt%J^T 

£ ^fl:^30 /z m^T, ^ 9 £ ^«/«J¥;&S0. 030*SS"T? 

m^mtizmmmmmfco 50 



4#H^9-2 9 6 2 5 2 

2 

[Ih*^4 ] C : 0. 02—0. 20wt%, 
Si : 1. 00wt%J£AT\ 
Mn : 0. 05— 1. 50wt%, 
P : 0. 04wt%JUT, 
S : 0.015 wt%^T\ 
Al : 0.005 —0. 150 wt%, 
N : 0. 020 wt%£*T 

Nb : 0. 0030—0. 0400wt% v 
Ti : 0.0030—0. 1000wt%, 
B : 0. 0005—0. 0020wt% 

a>b»f#h,5 l«*fcte2««±Sr&WU Sbfc 
Cu : 0. 50wt%^T, 
Ni : 0. 50wt%£AT\ 
Cr : 0. 50wt%J^T 

t*^»«^tt4fe«fc9*9, ffiff23i.2 mmJ^T, ^7 
9 >-ft^30 m m^T, ^ 9 £ yl/g)?^o. 030*88 "C 

[ft >Rjg 5 ] C : 0. 02—0. 20wt%, 
Si : 1. 00wt%Jt^T. 
Mn : 0. 05—1. 50wt%, 
P : 0. 04wt%J^T^ 
S : 0.015 wt%J^T^ 
Al : 0.005 —0. 150 wt% x 
N : 0. 020 wt%UT 

&^#1rZ>m* : 7Z?$:, i200*t:KTcoiaftic:iD!»LTft 
EEMU mbfrf—>~ - F/^^^otML, 

4>*< t *>^s<£> i m^n^r^^^mm^m-i-^it 

[ W** 6 ] C : 0. 02—0. 20wt°/cK 
Si : l.00wt%JKT, 
Mn ; 0. 05—1. 50wt%, 
P : 0. 04wt%J£*T\ 
S : 0. 015 wt%£*T\ 
Al : 0. 005 —0. 150 wt% N 
N : 0. 020 wt%^T 
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oaa©'>4<tfcift-ciffl»L4*b, ft±w*«iE 

[0 0 0 1] 
[0 0 0 2] 

"C\ rffi (9>^:7rf— Kffi) 1. 4 Ki^ffttfelSliR 
[0 0 0 3] 

3) «te<o|6;fcl«fc*5tt5tt|fc GfeAffiSSrdtro ) ^ 
<D^m\^m\ 2mm£JtT. J;9ftfls#Jfc:tt\ 1. 2 m 
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[0 0 0 4] ^rr% flttEtf^s^K 
[0 0 0 5] 

[0 0 0 6] (1) C : 0. 02—0. 20wt%, Si : 1. 00wt%J[^ 
T\ Mn : 0. 05—1. 50wt°/ o> P : 0. 04wt%£*T, S : 0. 01 
5 wt%JKT. Al : 0. 005 —0. 150 wt%, N : 0. 020 wt% 

30 mmJ^T, ^ 5 9 ^S^ 30 M m£XT, ? 7 ^ 

^*/ffiff* s 0. 030 *aj-C& «9 , ^ffi^rRj(rfc)fcoT^ 

[0 0 0 7] (2) C : 0. 02—0. 20wt%, Si : 1. 00wt%^ 
Tx Mn : 0. 05—1. 50wt%, P : 0. 04wt%J^T^ S : 0. 
015 wt%£*T\ Al : 0.005 —0. 150 wt%, N : 0.020 
wt%^T4r^^, d^ONb : 0. 0030— 0. 0400wt%, Ti : 0. 
0030—0. 1000wt%, B : 0. 0005—0. 0020wt%j&»6>a!fiJx 

40 5ii4w±2aa±mu mm\*FeRvppwi&#) 

[00 0 8] (3) C : 0. 02—0. 20wt%, Si : 1. 00wt%^ 
Mn : 0. 05—1. 50wt%, P : 0. 04wt%J^T. S : 0. 
015 wt%£Jtl^ Al : 0.005 —0. 150 wt%, N : 0.020 
50 wt%^TSr^^-^ /^oCu : 0. 50wt%J^T, Ni : 0. 50wt 



5 

%&LT. Cr : 0.50wt%£JLT^e>StfJxS ll*fctt2l 
4Rff*Si.2 mmJ^T, ^ 9 * >-g3*30/i mJ^T, 9*7*? 

vs/jEffdso.030*«t?fc9, ^B^rniKfofcoTS 
^^7x7-^ hi&)^£>4«9, J^oe^fiJ^*©^ 
£ 3&5«^rnJffiflB 5 m m&W<D$tmm £ SrTEl ft 

[0 0 0 9] (4) C : 0. 02—0. 20wt%, Si : 1. 00wt%i^ 
T, Mn : 0.05— 1. 50wt%, P : 0. 04wt%£AT, S : 0. 
015 wt%J^T\ Al : 0. 005 —0. 150 wt%, N : 0. 020 
wt%;g*T£r-a^ 3&>oNb : 0. 0030— 0. 0400wt%. Ti : 0. 
0030— 0. 1000wt%, B : 0.0005— 0. 0020wt%j&»fe3!tJ;ft, 
£ 1 ®£fcf3 2 ffiJ^_k£^tU SbfcCu : 0. 50wt%£* 
T. Ni : 0. 50wt%^T. Cr : 0. 50wt%JKTd*feStf*b 
5 l«Sfctt2«JBUs&-&*U »*BteFeXWF^TiB#J 

[0010] (5) C : 0. 02—0. 20wt%. Si : 1. 00wt%J£/. 
T\ Mn : 0. 05— 1. 50wt% x P : 0. 04wt%;£AT, S : 0. 
015 wt%«T, Al : 0.005 —0. 150 wt%, N : 0.020 
wt%KT«r-&#-f-Sfl!^7^S:, l200^£AT<z>?fi*K*P 

J: 9 50t:^±^ < ft 5 £ 5 v?as^r 

[0011] (6) C : 0. 02—0. 20wt%. Si : 1. 00wt%J^ 
T, Mn : 0. 05—1. 50wt%. P : 0. 04wt%^T. S : 0. 
015 wt%J^T, Al : 0. 005 —0. 150 wt%, N : 0. 020 
wt%^T£^1-£ffl:*7:/£r, l200t;£*T£>ffiflSt-aP 
JRLTiaBEjgU #fcixfcV-h^-«:##ffitoT«}R 

tRffififeSB J: 9 SOTC&iK < ft 5 J; 5 MtEffi^ s> 
*P8!iU '>ft< £ t lSW^T^ D^fiEffiSr^fflU 
«g^>4< 1 fc 1 at?tt«»Lfti6se>, tt_hffi* 

T^ro b ft < £ 1 — *^ft*P*dsflis<z> ^ 

K-5CtS:«F»t-rs±IE(l) -(4) wiWlol: 



(4) #Hi^9 - 2 9 6 2 5 2 

6 

[0 0 1 2] 

(l) aWMH-oi^T ; 
C : 0. 02—0. 20wt% 

Q&M&mmtz'tZe o.o2wt%{^fcft^^(- 

Sot, c fifio. 02—0. 20wt%<7>^ia £ ^ 5 i&Ktf 5 £> 
So 4*3, Se>45W««>^fbi:*PXtt<7>iS)±eofcfe 

0. 03—0. l5wt%co®IS £ -T 6 r £ i&sa* l>\> 
[0013] Si : 1. 00wt%J^T 
Sit*. «*<z?iMt»*S:fi*t-*fc»te*fflft5c*-efc 
5*s, l.00wt%SrjHx.TjS*Pi-5i:, 5ft*as*L<J«*P 

SiCD^^gm. 00wt%J^T, *f* L< teO. 50wt%£ 
20 t6 0 

[ 0 0 1 4 ] Mn : 0. 050 —1. 50wt% 

fc£ 0 rixb<^3**f4. 4>ft< t fco.05wt%<DaSiptrj: 
9#?>^5dS, l.50wt%S:ffl*.TjR*Pi-Si, 1^ 

MfpJi-ft^o bfc^oT. Mn©8S*Pfl:f4, 0. 05— 1. 50wt 

4*3, jpxttSrw^affi-rs^t^^, 0.60 

30 [ 0 0 1 5 ] P : 0. 04wt%£jlT 

Ptt, ^JPXti*3J:U ? B-fttt^{g:T^^57£^T^^o P 
eosaso. 04wt%^r@x.^ ^ , ^0D^^^(-^tb§^ 
T% 0.04wt%^T, L< tt0.02wt%KTti"5 o 

7c U P*coilS^)®i®f4. Mit^^ h^MCo/^s 

[0016] S : 0. 015 wt%£JlT 

stt, MT.mzm&9&A&-t7cmx*&z> 0 ss^o.oi 

40 JS»jffitti5SB*Six54i^^tt, 0.007 wt%JWT^<a« 

[001 7 ] Al : 0. 005 —0. 150 wt% 

iK^^>5c*"C*>9. tS^O.005 wt%Sk±<DmMi>i&mX' 
fo6o — 0.150 wt%SriKx.Tj6*R-t* Si:, 

^APSfl0.005 —0.150 wt%, if*L<f40. 020 —0.08 

0 Wt%t~t^>o 

50 [0018] N:0. 020 wt%£AT 
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f*. 0.0050wt%J^T, $£Kia#4rffiW</Wi:£^L 

tk:4£**-5 r t ass* i>\ 

[001 9 ] J^±COS*fiJc^^){t!l^ N Nb : 0. 0030—0. 04 
00wt% s Ti : 0.0030—0. 1000wt%*3 £Z$B : 0.0005—0. 
0020wt%<7>8¥, Cu : 0. 50wt%J^T. Ni : 0. 50wt%J^T*5 
XXKr : 0. 50wt%JKTO»^e>ai*ixSV^ix^ 1 «* 
fctt 2 «K±Srasan-r 6 £ £ 5 0 

[0 0 2 0] Nb : 0. 0030—0. 0400wt% 

©mi e>n5»^^aanii-5 r t ^a* uv\, 

^£ 5 4$jJSU3\ 0.0030wt%«Ji^i^nfcJ: t>»fe*x 
£o 0.0400wt%Sr«*.TaS*Pi"Si!, t©8ii^fl 

l< fi*v\ ^<Dtz&> s m&mjw-t&m&m^ o. 

0030-0. 0400wt% ti" 5 o 4*5, WSfS^«^^fe 

fc\ 0.020wt%«T^«B£^5<^as#£LV\> 
[0 0 2 1] Ti : 0. 0030—0. 1000wt% 

5 Q ^thb<DmMteO. 0030wt%JK±cojR*DT?«ff 

0. 1000wt%Srjex.T8SiOLTfc, a*3&SfflfP"t-50 

TMDWMAteO. 0030—0. 1000wt%t-T5 o 
[0 0 2 2] B : 0. 0005—0. 0020wt% 
Bf* % U^(DWfflik\^%}f£7hmX*%>*) ^ 0.0005wt%^ 

±cosjnt?*^a*3a s »e>ns 0 La>u o.oo20wt%^ 

[0 0 2 3] Cu : 0. 50wt%J^T 
Cute, ^W-Kcoi^—^^fp]±^-tir^(7)i^ffl4^T- 
*>5^, 0.50wt%Sr«A.TjRanLTt8!l*ttffifPL, = 

'So 

[0 0 2 4] Ni : 0. 50wt%^T 

W/B47cJfT*fc6^ o. 50wt%Srffl^LT8aniLTfca* 
fiM&ftU h7 y>flz.fj:Z><DT% 0. 50wt%^T<£>^ 

[0 0 2 5] Cr : 0. 50wt%J£*T 

Wffl*7C*"e*>5^, 0.50wt%Srffi*.Tj8SinLTfcab* 

[0 0 2 6] (2) iPM£er>*£J?\ fitt£ 
&4.0 —2.3 mmgS^>®l?0 1 b^^u>^ixT^yCo 



[0 0 2 7] 1. 2 mmSrjg;t5Jt«Wff4»<Z> 

(ffi(B*r«]^JKiffi«f|5 2 5 mmCOfei?) T^^t - ^ ^ 7 £ 

W</PCD 70-80/1 mSft-efc^jnx<7> 

■t'ASB^ffiff) - 5 mm "C 

^iii-S^!?^**, 3 0 MmJKTfcWJRU 7 
20 S^ft) / («J5) £0.030 je4T^«>5iK«dS*>-5o 
[0 0 2 8] ^l^/S^i^tf^ 

«fc 5 4Xj^[H]#rt 0 — ^^(Bj£dS9T?2pJ^nrtB-CfcSo * 
(200) ^09^»ST0. 20° KT^rtt 

He -He ^ 0 

SrSSfci", -fftfc^H e^Hc SrTIeie>4v^SI^*> 
^LHR30T «JtHe^Hc S: 1 /Jf>f >- hi^±±[o]^r^ 
[0 0 2 9] (3) ^if^^oV^T ; i: # 5 * 

50 ^^^f^, ii^J:?^ — ^a«^SJ!lDf»Stb-C 
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© t # 5 ^*Dtfftffl*fil200 < CJEJlTi: i"5^»*s*> 

[0 0 3 0] fii^o^^yfi. f»BBffi£Ejg{^J:9 
20— 70mmJ?^.cDv— h^— ^t^ 0 **5, i^TOIgT* 

JILT, 4fe«S£««£«:aMESi*\ Sblc:iS!te«o^ 
OffiflBSR (ft»^2 5-10 0mmgS) ft 

9 . h^-«*»<^?a«ttra«*rpit*lfP J: 0 *>50 
[0 0 3 1 ] 4*3. tt±tfBEMttl^At)fl[|^r, v'- h 

[0 0 3 2] tt±tfEE3£fc:«\ iifflr, 6~7&J:i9*5 
5 < t i>'&m<o 1 at-tt-^T 9 n ^JE^1S^ 

[0 0 3 3] £ ««0!>Wfffi«?«O^— 14. J?**" 



tt, 0.i5^«T^*fl=Srll5.i--5i:Bl« : 43J!i*i6 s #fe 

[0 0 3 4] tb±tfiEiE»Tafftt*fKU"<yKriS CT 
tf J: v Ajjs , - <£>&g^ 9 iii v ^ t mffi&?Fi%— 

(Ar,*l8*-150 ^) - (Ar,aEffijS + 150 t) <£>fE 
10 ffl"T?$>5 0 

[0 0 3 5] ft_ttf ffiffi ^r*lT Lfcffe, < £ 2 se 

[0 0 3 6] r<z>J;5t-0f^WFPflS»Lfefl!SS:^s/ 

TCo ^50— 150mm S*<^®fflT^*P* 

[0 0 3 7] tt±VffiSLT»aLfcSI«)«!»0#tt«i 
40 <DfflBk-r ±JSbfc*tt^J:9, Kit 
[0 0 3 8] 

immm] 

i 



rco^^^^iioo—iiso^^^s^ffl-e^Df^Lfco 
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<£ <9 120 mm(7)®[a^ N x> 7 -^-SrfflV^, 

<f * J: 0 50-100 ^iii^^^AnfiftU z.ti&7<< — K 

U&&Ar>mn&- (ArMm^SOX:) "C&ofco ft 
±tf£Effi»T«, 2-3i0?©?5ft©S, *»*PSrra*&U 

fry h?i/<D±^n/ x/isfab(Di$M7k*m&m 

T\ 680 ^TMS^EttK ii»<Z>BHfcSrfTV\ MM 1520m 
nu Kffl.2 mm<7>JR®*!ffiSrl!5fiLfco 
[0 0 3 9] #btbfc, f»jgflMK«:«*t 
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10 



M»dSffljK<Z>«BSSd i e>3mm<Ofil[Hi-< 5>M^>- 
^r>-^b. /7^t : 180 mm, x^^g : 95mm, 
Lfcfflx.^? : 700 kgf , fflrtffi : *V : 

[0 0 4 0] 

[*i] 



« 


C 


Si 


Ho 


P 


s 


N 


Al 


*0>te 


m « 


A 


0.042 


0.010 


115 


a oi2 


0.003 


a 0025 


a 045 




m&m 


B 


0.130 


0.005 


0.25 


a oos 


a oio 


0.0015 


0.055 


B/0.0005 Cr/0.05 


m&m 


C 


0.022 


L005 


0.17 


0.0® 


0.011 


O.O015 


0.045 


Kfa/0.005 


m&m 


D 


0.028 


a 007 


0.35 


0.011 


a 002 


0.0033 


0.110 


Ti/0.015 


m&m 


E 


0.059 


a oio 


1.20 


a 012 


0.007 


0. 0011 


0.040 


warn Ti/aoos 


m&m 


F 


a 045 


a oio 


0.15 


0.012 


0.008 


0. 0025 


0.045 


Cu/0.25 Ni/0.25 


m&m 


G 


0.240 


0,013 


1.55 


0.013 


0.005 


0.0025 


a 045 







[0 0 4 1 ] 



m 2] 



ffi 


TS 
(kgf/nm> s ) 


m 

(Mm) 




<tmmm 


-SWOTS 
(HR30T) 


(mm) 


W* 






A 


34 


20 


0.017 




*&» 7x5tt 


+ 3 


1 JBTF 


B 


36 


23 


0.019 




IKW 7*M> 


+ 5 


1 JElT 


C 


3 1 


20 


0.017 


mm 


7*5tt 


+ 2 


1 KIT 


D 


32 


1 8 


a 015 






+ 2 




E 


35 


22 


0.018 






+ 1 


i jot 


F 


34 


1 5 


0.013 






+ 2 


1 J£tT 


G 


4 1 


2 6 


0.022 






-5 


2.5 



[0 o 4 2] »fetbfcJIS*d^we>d^J: *3£9§ 

«M»£**»fco«£<DSS, Attain 

[0 0 4 3] ggjfcff]2 
3£U a«<E>K«fcS:f?V\ ffi<Sl250mmCO. <OUW^ 



5M<Z)^yT7^ft «J?X (1+0.2) fc£5<fc 

[0 0 4 4] 
[SI3] 
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[0 0 4 5] 
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to 


*5Zf 
(C) 






flP ft 




EBU 

%rA 




*m 

(s) 


1%Wf 


« 3? 
S & 


IS s 


<*) 


1 


1150 








+70 


&&7 


880 


2.2 




640 




2 


1100 


&*} 






+ 100 


a? 


WO 


as 


± 


660 




3 


1200 








+55 




850 


2.2 




650 


ittMH 


4 


1150 








+80 


&7 


875 


0.5 




640 




5 


1100 






m 


-75 


i6L7 


m 


2.3 


-b. T 


6O0 


itt^i 


S 


1150 


**> 


m 




+ 60 


&7 


880 : 


as 


±. T 


650 
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Nai ©^Ttt±tffflttics»fflffi <mm& : a i« &m 







[*4] 



Not 


S3? 

(OS) 


ft 






(HR30T) 


(mm) 


ft 

& 


mm 






1 


LQ 


1 5 


a ois 




f$im 7*?0 


+ 2 


1 #T 


o 


2 


0.8 


2 0 


a 025 


ism 


M» 7r*0 


+ 2 


1 J£IT 


o 


3 


LI 


4 2 


0.038 


-sag** 


f8@& 7*50 


±0 


ao 


X 


4 


LI 


2 5 


0.023 




7*7-fl 


-3 


&o 


X 


5 


1.1 


2 0 


0.018 


mm 


MW« 7*54f 


-5 


as 


X 


6 


1.4 


50 


a 036 




fftSIO 7*WV 


-2 


2.5 


X 










7 


1.0 


1 3 


0.D13 


mm 




+ 1 


0.5 


O 



[0 0 4 7] 
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